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Abstract
Inspired by the small longitudinal polarizations (LPs) of B → K∗φ decays observed by BELLE
and BABAR, we revise the theoretical uncertainties of perturbative QCD approach for determin-
ing hard scales of B decays, we find that the LPs of B → K∗φ could approach to 60% while
the branching ratios (BRs) could be around 9 × 10−6. In addition, we also study the BRs and
polarization fractions of B → ρ(ω)ρ(ω) and B → ρ(ω)K∗ decays. For those tree dominant and
color-allowed processes in B → ρ(ω)ρ(ω) decays, we get that the BRs of (ρ+ρ−, ρ0ρ+, ωρ+) are
(23.06, 11.99, 14.78)× 10−6 while their LPs are close to unity. Interestingly, due to significant tree
contributions, we find that the BR(LP) of ρ−K∗+ could be around 10.13× 10−6(60%); and due to
the tree and electroweak penguin, the BR(LP) of ωK∗+ could be around 5.67 × 10−6(61%).
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Since the transverse polarizations (TPs) of vector mesons are associated with their masses,
by naive estimations, we can easily obtain that the longitudinal polarization (LP) of the
two light vector mesons produced by B decay is approaching to unity. The expectation is
confirmed by BELLE [1] and BABAR [2, 3] in B → ρ(ω)ρ decays, in which the longitudinal
parts occupy over 88%. Furthermore, TP(LP) could be large(small) while the final states
include heavy vector mesons. The conjecture is verified in B → J/ΨK∗ decays [4, 5], in
which the longitudinal contribution is only about 60%. However, the rule for small LP
seems to be broken in B → φK∗ decays. From the recent measurements of BELLE [6] and
BABAR [2, 7], summarized in the Table I, it is quite clear that the LPs of B → K∗φ are
only around 50%. According to the observations, many mechanisms are proposed to solve
the puzzle, where the methods include not only new QCD effects [8] but also the effects of
the extension of the standard model (SM) [9, 10].
TABLE I: The branching ratios (in units of 10−6), polarization fractions and relative phases for
B → φK∗.
Mode Observation BELLE BABAR
K∗+φ BR 10.0+1.6+0.7−1.5−0.8 12.7
+2.2
−2.0 ± 1.1
RL 0.52 ± 0.08 ± 0.03 0.46 ± 0.12 ± 0.03
R⊥ 0.19 ± 0.08 ± 0.02
φ‖(rad) 2.10 ± 0.28 ± 0.04
φ⊥(rad) 2.31 ± 0.20 ± 0.07
K∗0φ BR 6.7+2.1+0.7−1.9−1.0 9.2± 0.9 ± 0.5
RL 0.45 ± 0.05 ± 0.02 0.52 ± 0.05 ± 0.02
R⊥ 0.30 ± 0.06 ± 0.02 0.22 ± 0.05 ± 0.02
φ‖(rad) 2.39 ± 0.24 ± 0.04 2.34+0.23−0.20 ± 0.05
φ⊥(rad) 2.51 ± 0.23 ± 0.04 2.47 ± 0.25 ± 0.05
It is known that most proposals to solve the anomalous polarizations only concentrate
on how to make the LPs of B → K∗φ be small. It is few to analyze the problem by
combing other decays such as the decays B → ρ(ω)ρ(ω) and B → ρ(ω)K∗ etc. That is,
maybe we can invent a way to solve the anomalies in K∗φ, however, we still don’t have
the definite reason to say why the considering effects cannot contribute to ρ(ω)ρ(ω) or
2
ρ(ω)K∗ significantly. By this viewpoint, in this paper, we are going to reanalyze the decays
B → K∗φ in terms of perturbative QCD(PQCD) [11, 12] approach in the SM. By revising
the theoretical uncertainties of PQCD, which come from the man-made chosen conditions
for hard scales of B decays, we will show how well we can predict and how close we can
reach in theoretical calculations, while the processes of light mesons production are assumed
to be dominated by the short-distant effects. We note that the wave functions of mesons,
representing the nonpertubative QCD effects, are assumed to be known and obtained by the
QCD sum rules [13, 14]. Moreover, according to the improving conditions, we also make the
predictions on the decays B → ρ(ω)ρ(ω) and B → ρ(ω)K∗.
Although the effective interactions, governing the transition decays b→ s(d) at the quark
level, are well known, to be more clear for explanation, we still write them out to be [15]
Heff =
GF√
2
∑
q=u,c
Vq
[
C1(µ)O
(q)
1 (µ) + C2(µ)O
(q)
2 (µ) +
10∑
i=3
Ci(µ)Oi(µ)
]
, (1)
where Vq = V
∗
qq′Vqb are the Cabibbo-Kobayashi-Maskawa (CKM) [16] matrix elements, the
subscript q′ could be s or d quark and the operators O1-O10 are defined as
O
(q)
1 = (q¯
′
αqβ)V−A(q¯βbα)V−A , O
(q)
2 = (q¯
′
αqα)V−A(q¯βbβ)V−A ,
O3 = (q¯
′
αbα)V−A
∑
q
(q¯βqβ)V−A , O4 = (q¯
′
αbβ)V−A
∑
q
(q¯βqα)V−A ,
O5 = (q¯
′
αbα)V−A
∑
q
(q¯βqβ)V+A , O6 = (q¯
′
αbβ)V−A
∑
q
(q¯βqα)V+A ,
O7 =
3
2
(q¯′αbα)V−A
∑
q
eq(q¯βqβ)V+A , O8 =
3
2
(q¯′αbβ)V−A
∑
q
eq(q¯βqα)V+A ,
O9 =
3
2
(q¯′αbα)V−A
∑
q
eq(q¯βqβ)V−A , O10 =
3
2
(q¯′αbβ)V−A
∑
q
eq(q¯βqα)V−A , (2)
with α and β being the color indices. In Eq. (1), O1-O2 are from the tree level of weak
interactions, O3-O6 are the so-called gluon penguin operators and O7-O10 are the electroweak
penguin operators, while C1-C10 are the corresponding WCs. Using the unitarity condition,
the CKM matrix elements for the penguin operators O3-O10 can also be expressed as Vu +
Vc = −Vt. To describe the decay amplitudes for B decays, we have to know not only the
relevant effective weak interactions but also all possible topologies for the specific process.
In terms of penguin operators, we display the general involving flavor diagrams for b→ q′qq¯
in Fig. 1, where (a) and (b) denote the emission topologies while (c) is the annihilation
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topology. The flavor q in Fig.1(a) and (b) is produced by gauge bosons and could be u, or
d or s quark if the final states are the light mesons; however, q′′ stands for the spectator
quark and could only be u or d quark, depending the B meson being charged or neutral
one. However, the role of q and q′′ in Fig. 1(c) is reversed so that q = u, or d, or s is
b
q′ q
q
q′′q′′
(a)
b q′
•
q q
q′′q′′
(b)
q′
b q′′
q′′
qq
(c)
FIG. 1: For b → q′qq¯ decays, the flavor diagrams (a) and (b) stand for the emission topologies
while (c) is annihilation topology.
the spectator quark while q′′ = u or d is dictated by gauge interactions. Since the matrix
elements obtained by the Fierz transformation of O3,4 are the same as those of O1,2, we don’t
further consider the flavor diagrams for tree contributions.
In the beginning, we first pay attention to B → K∗φ decays. Although there are charged
and neutral modes in B → K∗φ decays, because the differences in charged and neutral modes
are only the parts of small tree annihilation, for simplicity our discussions will concentrate
on the decay Bd → K∗0φ. As known that at quark level, the decay corresponds to b→ sss¯;
thus, by the flavor diagrams, we have q = q′ = s and q′′ = d. According to our previous
results [17], the helicity amplitude could be expressed by
M(h) ≡ m2BML +m2BMNǫ∗1(t) · ǫ∗2(t) + iMT ǫαβγρǫ∗1α(t)ǫ∗2β(t)P1γP2ρ (3)
with the convention ǫ0123 = 1, where the superscript h is the helicity, Mh is the amplitude
with helicity h and it’s explicit expression could be found in Ref. [17], the subscript L stands
for h = 0 component while N and T express another two h = ±1 components, P1(2) denote
the four momenta of vector mesons, and ǫ∗1(t) · ǫ∗2(t) = 1 with t = ±1. Hence, each helicity
4
amplitude could be written as [17]
H0 = m
2
BML ,
H± = m
2
BMN ∓mV1mV2
√
r2 − 1MT , (4)
and r = P1 · P2/(mV1mV2) in which mV1(2) are the masses of vector mesons. Moreover, we
can also write the amplitudes in terms of polarizations as
AL = H0 A‖(⊥) =
1√
2
(H− ±H+). (5)
The relative phases are defined as φ‖(⊥) = Arg(A‖(⊥)/A0). Accordingly, the polarization
fractions (PFs) can be defined as
Ri =
|Ai|2
|AL|2 + |A‖|2 + |A2⊥|
(i = L, ‖,⊥) . (6)
Since we have derived the formalisms for the decay amplitudes ML,N,T by PQCD approach
in Ref. [17], in our following discussions, we only concentrate on the theoretical uncertainties
of PQCD.
It is known that by PQCD the transition amplitude is factorized into the convolution
of hadron wave functions and the hard amplitude of the valence quarks, in which the wave
functions absorb the infrared divergences and represent the effects of nonperturbative QCD.
With including the transverse momentum of valence quark, kT , the factorization formula for
the decay of B meson could be briefly described as [12]
Hr(mW , µ)H(t, µ)Φ(x, P, b, µ) = c(t)H(t, t)Φ(x, b, 1/b)
× exp
[
−s(P, b)−
∫ t
1/b
dµ¯
µ¯
γΦ(αs(µ¯))
]
(7)
where Hr(mW , µ) and H(t, µ) denote the renormalized hard parts which the running scale
starts from mW and typical hard scale t, respectively, Φ(x, P, b, µ) is the wave function of
meson, c(t) is the effective Wilson coefficient, b is the conjugate variable of kT , s(P, b) is
Sudakov factor for suppressing the radiative corrections at large b parameter, and γΦ stands
for the anomalous dimension of valence quark. Clearly, for calculating the decay amplitudes
of B decays, we have to determine the typical scale which dictates the decaying scale of B
meson. To illustrate the chosen hard scale in conventional PQCD, we take the transition
matrix element 〈M(P2)|b¯γµq|B(P1)〉 as the example. As usual, the condition for the hard
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scale is set to be
t = max
(√
x1m2B,
√
x2m2B, 1/b1, 1/b2
)
, (8)
where x1(2) are the momentum fraction carried by the quark of B(M) meson. Since the al-
lowed range of momentum fraction is between 0 and 1, therefore the value of hard scale could
be less than 1 GeV. However, the wave functions such as twist-2 wave function expressed by
Φ
(
x, µ2
)
= 6x (1− x)
(
1 +
∞∑
n=1
an
(
µ2
)
C3/2n (2x− 1)
)
, (9)
are expanded by the Gegenbauer polynomials; and the scale-dependent coefficients are usu-
ally estimated at µ = 1 GeV. That is, the physics below 1 GeV belongs to nonperturbative
region and hard scale should end up at this scale. Consequently, we regard that the condition
of Eq. (8) should be revised to be
t = max
(√
x1m2B,
√
x2m2B, 1/b1, 1/b2, Λ¯
)
(10)
where Λ¯ indicates the cutoff for distinguishing the region of perturbation and nonpertur-
bation, i.e. below Λ¯ the physics is dominated by nonperturbative effects. Roughly, the
order of magnitude of the hard scale could be estimated by the momentum of exchanged
hard gluon as t ∼ √x1x2m2B. It is known that x1 ∼ (mB − mb)/mB and x2 ∼ O(1). By
taking x1 = 0.16, x2 = 0.5 and mB = 5.28 GeV, the average value of hard scale could be
estimated to be around t¯ ∼ 1.5 GeV. Besides the chosen condition for hard scale and wave
functions of light mesons, the remaining uncertainties of PQCD are the shape parameter ωB
of the B meson wave function and the parametrization of threshold resummation, denoted
by St(x) = 2
1+2cΓ(1+ 2c)[x(1−x)]c/√π(1+ c) [17]. In our following numerical estimations,
we will set ωB = c = 0.4. Hence, according to the wave functions derived by QCD sum rules
[13] and using f
(T )
K∗ = 210(170) MeV, the values of B → K∗ form factors, defined by [18]
〈M(P2, ǫ)|b¯γµq|B(P1)〉 = i V (q
2)
mB +mM
εµαβρǫ
∗αP βqρ,
〈M(P2, ǫ)|b¯γµγ5q|B(P1)〉 = 2mMA0(q2)ǫ
∗ · q
q2
qµ + (mB +mM )A1(q
2)
(
ǫ∗µ −
ǫ∗ · q
q2
qµ
)
−A2(q2) ǫ
∗ · q
mB +mM
(
Pµ − P · q
q2
qµ
)
, (11)
are given in Table II, where M and mM denote the vector meson and it’s mass, P = P1+P2
and q = P1 − P2. In the table, for comparison, we also show the results of quark model
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TABLE II: Form factors for B → K∗ at q2 = 0 in various QCD models.
Model V (0) A0(0) A1(0) A2(0)
QM [19] 0.44 0.45 0.36 0.32
LCSR [14] 0.41 0.37 0.29 0.26
LFQM [20] 0.31 0.31 0.26 0.24
PQCD [18] 0.34 0.37 0.23 0.22
(QM) [19], light-cone sum rules (LCSR) [14], and light-front quark model (LFQM) [20]. In
terms of the formulas, which are derived in Ref. [17] and have included nonfactorizable and
annihilation effects, and by taking V ∗usVub = Aλ
3Rbe
−iφ3 and VtbV
∗
ts = −Aλ2 with A = 0.82,
λ = 0.224, Rb = 0.38 and φ3 = 63
◦, the calculated BR, PFs, and φ‖(⊥) of Bd → K∗0φ
with different values of Λ¯ are presented in Table III. Although there exist other chosen
conditions for nonfactorized and annihilated parts, since the conditions are similar to Eq. (8),
we neglected showing them. The details could be referred to Ref. [17]. In the table, we have
TABLE III: BR (in units of 10−6), PFs and relative phases of Bd → K∗0φ for Λ¯ = 0, 1.0, 1.3 and
1.6 GeV.
Λ¯ BR RL R‖ R⊥ φ‖(rad) φ⊥(rad)
0 14.54 0.71 0.16 0.13 2.48 2.47
1.0 10.32 0.65 0.19 0.16 2.33 2.32
1.3 8.91 0.63 0.20 0.17 2.27 2.26
1.6 7.69 0.61 0.21 0.18 2.22 2.21
set Λ¯ = 0 as the old chosen conditions for the hard scales. From the table, we clearly
see that the BR and RL are decreasing while Λ¯ is increasing. If we regard t¯ ∼ Λ¯ ∼ 1.5
GeV, we obtain that the RL of B → K∗0φ could be around 62% while the BR could be
8 × 10−6. Since the errors of neutral B decay are still big, if we use the observed world
averages of charged mode, which they are BR = (9.7 ± 1.5) × 10−6 and RL = 0.50 ± 0.07
[22], as the illustration, we find that our RL has approached to the upper bound of world
average of Bu → K∗+φ while the BR is close to the lower bound. Clearly, by using Eq. (10),
we can improve our results to be more close to the indications of data. Furthermore, in
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order to understand the influence of nonfactorizable and annihilation effects, we present the
results without either and both contributions in Table IV. By the results, we could see
nonfactorizable and annihilation contributions play important role on the PFs, especially,
the annihilation effects. The brief reason is that the penguin dominant processes involve
O6,8 operators which the chiral structures are (V −A)⊗(V +A). The detailed interpretation
could be referred to Refs. [21, 23]
TABLE IV: BR (in units of 10−6), PFs and relative phases for Bd → K∗0φ without nonfactorization
or/and annihilation.
topology BR |A0|2 |A‖|2 |A⊥|2 φ‖(rad) φ⊥(rad)
no nonfac. 12.05 0.78 0.12 0.10 2.15 2.12
no anni. 8.42 0.83 0.09 0.08 3.30 3.32
no both 9.41 0.92 0.04 0.04 pi pi
Next, we discuss the tree dominant processes B → ρ(ω)ρ(ω) in which at quark level the
decays are governed by b→ dq¯q. Since for those color-allowed decays, penguin contributions
are small, according to the analysis of Ref. [23], it is expected that the annihilation effects
are negligible. In addition, since the nonfactorizable effects are associated with C1/Nc in
which Nc is the number of color and C1 is roughly less than C2 by a Nc factor, thus, we con-
jecture that the nonfactorizable contributions for color-allowed processes are also negligible.
Consequently, we conclude that the PFs should be the same as the naive estimations, i.e.
RL ≈ 1−m2M/m2B. By using the decay constants fρ = fω = 200 MeV, fTρ = fTω = 160 MeV
and the same taken values of parameters for B → K∗φ, the values of B → ρ form factors,
defined by Eq. (11), in various QCD models are given in Table V. Again, in terms of the
TABLE V: Form factors for B → ρ at q2 = 0 in various QCD models.
Model V (0) A0(0) A1(0) A2(0)
QM [19] 0.31 0.30 0.26 0.24
LCSR [14] 0.32 0.30 0.24 0.22
LFQM [20] 0.27 0.28 0.22 0.20
PQCD 0.26 0.29 0.22 0.21
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formulas derived by Ref. [17], by setting Λ¯ = 1 GeV and by using the wave functions of ρ
and ω instead of those of φ and K∗, the BRs, PFs and φ‖(⊥) of B → ρ(ω)ρ(ω) are shown
in Table VI. The results with conventional chosen conditions could be referred to Ref. [24].
Compare to the data displayed in Table VII, we find that the BR of Bd(u) → ρ−(ω)ρ+ is
consistent with the observation of BELLE(BABAR). Although the result of Bu → ρ0ρ+
doesn’t fit well with current data, since the errors of data are still large, more accumulated
data are needed to further confirm. On the other hand, in the theoretical viewpoint, the
BR of Bu → ρ0ρ+ should be similar to that of Bu → ωρ+. Without any anomalous ef-
fects, we still expect BR(Bu → ρ0ρ+) ∼ BR(Bu → ωρ+). As for the polarizations, like
our expectation, the data show that nonfactorization and annihilation are not important
in color-allowed processes of B → ρ(ω)ρ(ω). We note that for those color-suppressed de-
cays, since the penguin effects are not small anymore, therefore, the nonfactorizable and
annihilation effects may become important. This is the reason why we get a very small RL
in Bd → ρ0ρ0 decay. It is worth mentioning that the CP asymmetry (CPA), defined by
ACP = [Γ(B¯ → f¯) − Γ(B → f)]/[Γ(B¯ → f¯) + Γ(B → f)] with f being any final state,
for Bd → ρ∓ρ± has only few percent. That is, the penguin pollution in this decay is small.
Thus, we speculate that the observed time-dependent CPA could directly indicate the bound
on the angle φ2 of CKM.
TABLE VI: BRs (in units of 10−6), PFs and relative phases for B → ρ(ω)ρ(ω).
Mode BR RL R‖ R⊥ φ‖(rad) φ⊥(rad) ACP
B0 → ρ−ρ+ 23.06 0.95 0.03 0.02 ≈ pi ≈ 0 −2.96
B0 → ρ0ρ0 0.12 0.07 0.43 0.50 3.46 3.63 83.21
B0 → ρ0ω 0.38 0.93 0.04 0.03 4.03 3.93 55.29
B0 → ωω 0.35 0.76 0.12 0.12 1.70 1.69 −92.72
B+ → ρ0ρ+ 11.99 0.98 0.01 0.01 ≈ pi ≈ 0 ≈ 0
B+ → ωρ+ 14.78 ≈ 1 ≈ 0 ≈ 0 ≈ pi 3.36 −11.11
Based on the previous analyses, we have learnt that by the assumption of short-distant
dominance in the B decays, the nonfactorization and annihilation are unimportant and
negligible for the tree amplitude; however, when penguin contributions are dominant, their
effects become essential on PFs. For more comparisons with the experiments, we also cal-
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TABLE VII: The experimental data on BRs (in units of 10−6) and PFs of B → ρ(ω)ρ [1, 2, 3].
Mode Observation BELLE BABAR
ρ−ρ+ BR 24.4 ± 2.2+3.8−4.1 30± 4± 5
|A0|2 0.951+0.033+0.029−0.039−0.031 0.99 ± 0.03+0.04−0.03
ρ0ρ+ BR 31.7 ± 7.1+3.8−6.7 22.5+5.7−5.4 ± 5.8
|A0|2 0.95 ± 0.11 ± 0.02 0.97+0.03−0.07 ± 0.04
ωρ+ BR −− 12.6+3.7−3.3 ± 1.6
|A0|2 −− 0.88+0.12−0.15 ± 0.03
culate the results of B → ρ(ω)K∗ decays. Therefore, we give the predictions of PQCD with
Λ¯ = 1 GeV in Table VIII. In addition, we also display the experimental data in Table IX.
The results by conventional PQCD could be found in Ref. [25]. To be more clear, we
TABLE VIII: The BRs (in units of 10−6), PFs and relative phases for B → ρ(ω)K∗.
Mode BR RL R‖ R⊥ φ‖(rad) φ⊥(rad) ACP
B0 → ρ−K∗+ 10.13 0.60 0.21 0.19 1.60 1.59 −19.17
B0 → ρ0K∗0 4.15 0.70 0.16 0.14 1.17 1.17 9.38
B0 → ωK∗0 6.75 0.75 0.13 0.12 1.79 1.82 −7.93
B+ → ρ+K∗0 11.99 0.78 0.12 0.10 1.45 1.46 0.79
B+ → ρ0K∗+ 7.53 0.72 0.15 0.13 1.82 1.81 −19.74
B+ → ωK∗+ 5.67 0.61 0.21 0.18 2.03 2.06 −14.31
TABLE IX: The experimental data on BRs (in units of 10−6) and PFs of B → ρK∗ [2, 26, 27].
Mode Observation BELLE BABAR
ρ+K∗0 BR 8.9 ± 1.7± 1.2 17.0 ± 2.9+2.0−2.8
|A0|2 0.43 ± 0.11+0.05−0.02 0.79 ± 0.08 ± 0.04
ρ0K∗+ BR −− 10.6+3.0−2.6 ± 2.4
|A0|2 −− 0.96+0.04−0.15 ± 0.04
summarize the main findings as follows.
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• Although the decay constants fρ(K∗) are larger than fpi(K), the BRs of B → ρ(ω)K∗
all are smaller than those of B → πK in which the corresponding flavor diagrams for πK
and ρ(ω)K∗ in Fig. 1 are the same. The reason is that the factorizable contributions of
O6,8 operators are vanished in vector-vector modes, i.e. 〈V1V2|(V − A) ⊗ (V + A)|B〉 ∼
−2〈V1|S − P |0〉〈V2|S + P |B〉 = 0 due to 〈V1|S|0〉 = mV1fV1ǫ1 · PV1 = 0 where S(P ) denotes
the scalar(pseudoscalar) current. As a result, the decays, which the tree amplitudes are
color-allowed such as ρ∓K∗± and ρ0(ω)K∗±, have larger CPAs.
• The RL of Bd → ρ−K∗+ could be as small as 60%. The result could be understood as
follows: since the involving tree contributions are color-allowed, as mentioned in the decays
B → ρ(ω)ρ(ω), we know that the nonfactorizable effects are negligible and transverse parts
are small. Moreover, the amplitude of penguin is opposite in sign to that of tree. Therefore,
the longitudinal part gets a large cancelation in tree and penguin such that the RL is reduced.
And also, the magnitude of CPA is enhanced to be around 20%.
• Although the decays Bu → ρ0(ω)K∗+ possess sizable tree contributions, however besides
the diagrams Fig. 1(a) and (c), Fig. 1(b), representing the effects of electroweak penguin
mainly, also has the contributions. And also, due to different flavor wave functions in ρ and
ω, respectively denoted by (uu¯∓ dd¯)/√2, interestingly we find that the RL of Bu → ρ0K∗+
is around 72% but the RL of Bu → ωK∗+ could be around 61% which is similar to the value
of Bd → ρ−K∗+.
• By naive analysis, one could expect that by neglecting the small tree contributions
which are arisen from annihilation topologies, the obtained RL of Bu → ρ+K∗0 should be
similar to the value of Bd → K∗0φ. However, the calculated results shown in the Tables III
and VIII are contrary to the expectation. The main reason is that the sign of real part of
annihilated amplitude for Bu → ρ+K∗0 decay is opposite to that for Bd → K∗0φ decay. In
other words, the annihilation is constructive effect in RL of ρ
+K∗0 while it is destructive in
K∗0φ. We find that the differences are ascribed to the wave functions of mesons. In sum,
the calculations of PQCD in some physical quantities, such as PFs, strongly depend on the
detailed shapes of wave functions. Due to the sign difference in the real part of annihilation,
we predict that LPs in most ρ(ω)K∗ modes are much larger than those in B → K∗φ. We
note that the conclusion is not suitable for those tree color-allowed processes, such as ρ−K∗+
and Bu → ρ0(ω)K∗+, because according to previous discussions, the tree and/or electroweak
penguin amplitudes have significant contributions so that the effective factors become more
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complicated, i.e. tree, electroweak and annihilation all are important in these decays.
In summary, we have reanalyzed the BRs and PFs of B → K∗φ in the framework of
PQCD. In terms of the revised conditions for the hard scales of B decays, we find the LPs
of B → K∗φ could approach to around 60% while the BRs are around 9 × 10−6. It is
confirmed that the annihilation and nonfactorizable contributions have no effects on PFs
of B → ρ(ω)ρ(ω) decays so that the LPs are all close to unity; and also, we find that the
BR of Bd(u) → ρ−(ω)ρ+ is consistent with the observation of BELLE(BABAR). By the
calculations, we obtain that the penguin pollution in Bd → ρ∓ρ± decays is very small so
that the observed time-dependent CPA could directly indicate the bound on the angle φ2
of CKM. In addition, we also find that due to significant tree contributions, the BR(LP) of
ρ−K∗+ could be around 10.13 × 10−6(60%); and due to the tree and electroweak penguin,
the BR(LP) of ωK∗+ could be around 5.67× 10−6(61%).
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